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If now, in the formula L = ^Trrjr3, for the strength of a bar when it is of its mean amount, which was proved in the paper before referred to, we take r—\,L will become what we have denoted by /i. Hence p •=• \Trt], and the formula becomes L or the utmost couple =yC4r3.
Again, since W is the utmost weight, and a the arm at which this acts, the utmost couple may also be expressed by Wa. Hence Wa = jar3, and
F__ /*r3                                       /o\
= —    ...........................(*)•
The greatest elongation of which the spring can admit will be found by substituting in (1), W for w and E for e.
To justify us in making this substitution it must, however, be here remarked that, in ordinarily formed spiral springs, the elongations continue proportional to the weights added, even up to the very greatest that can be resisted. This fact I have myself observed by an experiment conducted with considerable care, and in which any deviation from the foregoing relation which may have existed was less than the inaccuracies of observation*.
Now, by making the substitution above indicated, of W for w, and E for e, in (1) we obtain
which, by (2), may be put in the following form,
.(4).
The equations (1) and (2) together with (3) or (4) involve the various circumstances connected with the elasticity and strength of ordinary spiral springs. For enabling us to determine, by means of these equations, the actual amounts of any of the
* From this two distinct conclusions may be inferred: 1st, that the angle of torsion of a bar continues proportional to the applied couple as long as the arrangement of the particles remains unaltered; and, 2nd, that the alteration in the form of the spring by the increase of its angle of inclination and the consequent diminution of the radius of the coil does not produce a sensible effect. For, were there any deviations from the relation stated in the former proposition, this must in the experiment have been exactly counteracted by an effect of the change of form of the spring ; which, it is clear, would have been a coincidence very unlikely to occur.